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Christopher Whittington ‘22 – (Sponsor: Professor Arshad Kudrolli)
Introduction
Active matter systems are systems whose 
participants are constantly using energy. These 
systems are thus out-of-equilibrium, and 
traditional statistical mechanics developed for 
equilibrium systems cannot be applied. 
Throughout this process can arise group 
phenomena such as organized movement, phase 
separations, and more. Our physical experiments 
are important to find new phenomenon and new 
physics to explore, while supplementary 
simulations are crucial in explaining the core 
mechanisms while testing the models of the 
behavior. 
Goals
• Develop chiral particles that spin in a controlled 
manner
• Examine their interactions and collective 
behavior
• Accurately track the positions of a large number 
of particles over the course of several minutes
• Explore how packing density influences 
collective rotation
• Explore how container shape can influence and 
drive edge currents
• Introduce oppositely spinning particles to the 
system
Experimental Setup
• Electromagnetic Shaker [Fig. 1a]
• Provides energy to the particles equally
• Can control the frequency, amplitude, and 
acceleration of the oscillations
• Chiral Particles (Rotors) [Fig. 1c, 4]
• 1.2 mm in diameter
• Geared edges to encourage interactions 
between particles
• Slanted feet to induce individual rotational 
movement
• Resin 3D printed to be identical to each 
other [Fig. 1b]
• Enclosed Container or Arena
• Filament 3D printed baseplate
• Laser cut walls made from clear acrylic
• Different shapes and sizes can easily be 
swapped out
• Phantom High-Speed Camera
• Framerate can match or be a multiple of the 
frequency of the shaker
Future Work
• More in-depth data collection needs to be done 
with various different packing fractions. One 
could expect that the average angular velocity 
to increase with packing density to a point, 
before jamming begins to occur. 
• The introduction of a geared wall to the 
container could encourage edge currents and 
potentially magnify this collective effect and 
should be furthered explored. 
• Finally, the introduction of oppositely spinning 
particles interacting with each other could show 
spontaneous phase separation¹ or other 
interesting effects. 
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Image Tracking
• Code takes each frame of the video and crops it to the center o
the container [Fig. 3a]
• Noise outside of the area of interest is removed [Fig. 3b]
• Spatial bypass filter emphasizes the bright circular particles 
while dimming other noise [Fig. 3c]
• Centering process locates the center of each bright spot
• Tracking process links up particle locations between frames 
allowing each particle position to be followed throughout the 
video
• A rotation counter sums the angle that each particle sweeps 
from frame to frame, allowing average angular velocity to be 
found
f
Fig 1: An image of the electromagnetic shaker (Fig. 1a, top left) that 
has the container atop it; the FormLabs 3D resin printer used to create 
the chiral particles (Fig. 1b, top right); a closeup of two chiral particles, 
demonstrating their geared edges and slanted feet (Fig. 1c, bottom). 
Current Work
In our current setup, we use the electromagnetic shaker at 60 
Hertz and 2.6 g, while only employing the use of clockwise rotors. 
We currently use a circular container with a diameter of 102 mm 
(8.5 particle diameters) that has smooth walls. 
Figure 2a shows the position graphs of a random particle in three 
different packing densities. With the addition of just two and four 
particles to our container, we can observe dramatically different 
behaviors. Additionally, plotting the average angular velocity of 
each particle against its average radius from the center [Fig. 2b]
shows that low packing densities could suggest rotation like a 
solid body, while higher packing densities could suggest that 
average angular velocity increases with radius.
Fig 2: The position graph of three random particles in three different packing densities over 
five minutes (Fig. 2a, top). The lowest packing density (blue) had room to change radii, the 
middle packing density (orange) could not move into a closer radii but had some wiggle room, 
and the highest packing density (yellow) was confined restrictively to a single path. The next 
graph is the average angular velocity versus the average radius of each particle for the three 
packing densities (Fig. 2b, bottom). The highest packing density (yellow) began to show a 
direct correlation between average angular velocity and average radius from the center. 
Fig 3: The raw image that the camera outputs (Fig. 3a, top); an image 
showing how the code removes the background (Fig. 3b, bottom left); 
an image showing the results of using the spatial bypass filter, which 
removes noise and highlights our circular particles (Fig. 3c, bottom 
right).
Fig 4: Various angles of the computer model that was used to print the 
chiral particles. Note that the orientation of the legs determines spin 
direction, and reversing the orientation would reverse the direction of 
spin. 
